Introduction We report the case of an adolescent with anticholinergic toxidrome from diphenhydramine overdose, whose symptoms were treated with a novel application of dexmedetomidine. Case Report A 13-year-old female developed an anticholinergic toxidrome after intentionally ingesting 9.5 mg/kg of diphenhydramine. Despite routine supportive therapies, to include appropriate doses of lorazepam, she continued to have significant agitation, psychosis, and hallucinations. A dexmedetomidine infusion was started to aid in the treatment of her agitation and psychosis with marked improvement of her symptoms. Discussion Using dexmedetomidine for the treatment of anticholinergic toxidrome has not been previously described in the literature, but there are multiple reports of its use in alcohol withd ra w al sy ndr ome . We su gge st th at ad din g dexmedetomidine as an adjunctive agent in the therapy of anticholinergic toxidrome may relieve the symptoms of agitation, psychosis, tachycardia, and hypertension, without the attendant risk of respiratory depression associated with high doses of benzodiazepines.
Introduction
In this article, we present the case of intentional diphenhydramine overdose with subsequent anticholinergic toxidrome. After appropriate doses of benzodiazepines were given, with little therapeutic response, the patient was started on an infusion of dexmedetomidine with improvement in her agitation, psychosis, tachycardia, and hypertension. We suggest the use of dexmedetomidine as a novel treatment for the symptoms of an anticholinergic toxidrome.
Case
The patient was a healthy 13-year-old Caucasian female, who was brought to the emergency department (ED) by ambulance for altered mental status after intentional ingestion of diphenhydramine. By report, the patient's younger sibling found the patient outside their home, speaking incoherently, and unaware of her surroundings. Emergency medical services were contacted and transported the patient to a local ED.
In the initial history and later conversations, it was determined that the patient and her friend were intentionally trying to "get high" and that the patient took approximately 24 pills of diphenhydramine (25 mg each, total dose 600 mg, 9.5 mg/kg). The patient could not recall the exact timing of the ingestion, but based on the time that she and her friend were unattended, the ingestion occurred sometime in the early evening. She later denied taking any other medications or drugs of abuse. The patient's past medical history was significant only for attention deficit hyperactivity disorder, treated with dextroamphetamine and amphetamine (Adderall XR®) 20 mg by mouth daily, with no reported surgeries, prior hospitalizations, or known drug allergies. Her parents reported two known previous attempts of intentional ingestions of pseudoephedrine, with the goal of intoxication, as well as recreational use of marijuana.
On arrival to the ED at 2154, her exam was notable for reactive but dilated pupils (6-7 mm), dry mucus membranes, and she was speaking incoherently. Her vital signs on check in were heart rate (HR) 180 bpm, blood pressure (BP) 131/ 60 mmHg, respiration rate (RR) 20/min, and pulse-oximetry 100 % on room air (RA). The remainder of her exam was normal. The emergency department consulted Poison Control, and anticholinergic toxidrome from diphenhydramine ingestion was felt to be the most likely explanation of her symptoms. Her labs were notable for urine drug screen positive for amphetamines (likely her prescribed Adderall XR®) but negative for other drugs of abuse, ethanol, or salicylates. Her urine pregnancy screen was negative. A comprehensive metabolic panel was normal except for a potassium of 2.9 mmol/L (3.3-4.6 mmol/L). An electrocardiogram (ECG) revealed a QTc of 390 ms (HR 155, QT 240 ms). She received 5 mg of lorazepam for agitation. A Foley catheter was placed to prevent urinary retention (as recommended by Poison Control), and she was then transported to the pediatric intensive care unit (PICU) for continued care. At the time of transfer (0012, approximately 2 h after her initial presentation), her vital signs were HR 138 bpm, BP 116/81 mmHg, RR 28/min, and pulseoximetry 98 % on RA.
On arrival to the PICU, she was agitated, attempting to climb out of bed despite soft limb restraints, speaking incoherently, and appeared to be having visual hallucinations. Initial vital signs were temperature 99.3°F, HR 134 bpm, RR 21/min, BP 111/61 mmHg, and pulse-oximetry 98 % on RA. Physical exam revealed a girl who was disheveled, agitated, flushed, combative, with dilated (6-7 mm) but reactive pupils, and tachycardic with a grade 1/6 systolic flow murmur at the lower sternal border. Her Richmond Agitation Sedation Scale (RASS) score was 4+ [1, 2] . The remainder of her physical exam was unremarkable. A repeat basic metabolic panel at the time of admission was normal, with a potassium of 3.7 mmol/L (3.3-4.6 mmol/L).
In addition to standard care and monitoring, she was given lorazepam for agitation and treatment of her anticholinergic toxidrome. Despite 12 mg of lorazepam IVover the first 5 h of admission, she continued to be agitated, combative, confused, and a risk of injury to herself and the medical staff. A dexmedetomidine loading dose of 1 mcg/kg IV was given followed by an infusion of 0.5 mcg/kg/h IV. After the loading dose and start of the infusion, she rested comfortably with no further agitation or combative behavior, had a RASS score of 3−, and her tachycardia improved significantly.
The dexmedetomidine infusion was continued for approximately 25 h. At that time, the patient was sleeping but easily arousable, able to follow commands, exhibited no anxiety or agitation, and had a RASS score of 1− to 3−. Given the improvement in her mental status, the infusion was held and she woke easily, was lucid, calm, and followed commands. Approximately 90 min after stopping the infusion, the patient reported feelings of the "bed moving" along with tactile and visual hallucinations and increasing anxiety. She was given 2 mg of lorazepam with little improvement. The dexmedetomidine infusion was restarted with subsequent resolution of her symptoms. The infusion was continued for another 8 h and then held, with no return of her previous symptoms. Figure 1 shows her HR and BP over time, starting prior to the infusion and until it was finally discontinued. Once her symptoms had resolved, she was interviewed by child psychiatry and found to be safe for transfer to the pediatric ward for further observation and evaluation. She reported very mild symptoms of anxiety the evening after stopping the dexmedetomidine infusion, which were controlled with oral lorazepam. Ultimately, she was discharged home with close follow-up in the pediatric and psychiatry clinics.
Discussion
In this report, we suggest the use of dexmedetomidine as an adjunctive therapy for the treatment of the anticholinergic toxidrome due to diphenhydramine overdose. This is both a novel use of dexmedetomidine and treatment for anticholinergic toxidrome. There is a growing body of literature describing the use of dexmedetomidine for the treatment of alcohol withdrawal syndrome, which has some similarities with anticholinergic toxidrome [3] [4] [5] [6] [7] [8] .
Diphenhydramine is a common over-the-counter drug used for mild nighttime sedation, prevention of motion sickness, as an antitussive, and for the symptomatic relief of allergic symptoms [9] . Diphenhydramine competes with histamine for the H 1 -receptor sites on effector cells in the gastrointestinal (GI) tract, blood vessels, and respiratory tract [9] . In higher doses, it can cause an anticholinergic toxidrome, which has been well characterized in the past [10] . Ingestions continue to be a major cause of morbidity and mortality in the USA, and antihistamines are the eighth most common ingestion listed in the most recent Annual Report of the American Association of Poison Controls [11] . Further, the frequency of antihistamine abuse has been increasing in recent years [11] . Diphenhydramine intoxication commonly occurs from either accidental overdose or intentional overdose, with the goal of intoxication or suicide [12] [13] [14] .
The symptoms of anticholinergic toxidrome include peripheral and central effects. Central effects include delusions, psychosis, agitation, and seizures, whereas peripheral effects manifest as mydriasis, cutaneous vasodilation, hyperthermia, tachycardia, anhidrosis, gastrointestinal dysmotility, and urinary retention [13, 15] . The effects of diphenhydramine overdose are dose dependent and range in severity. Mild intoxications can occur at doses less than 300 mg and, if there are no mental status changes, can usually be managed as an outpatient [16] . Severe effects, including seizures, delirium, psychosis, rhabdomyolysis, coma, and death, can occur in doses that exceed 1 g [17, 18] . In massive overdose, death can result from wide-complex tachycardia leading to tachydysrhythmia and widening of the QT interval [12, 17] .
The currently recommended therapies for anticholinergic toxidrome are largely supportive. Benzodiazepines have been the mainstay therapy for moderate to severe agitation and seizures. Physostigmine is a potent, short-acting anticholinesterase that can treat the central and peripheral effects of anticholinergic overdose, but its use is somewhat limited by its short half-life (approximately 15 min). Physostigmine can be re-dosed or given as an infusion and has been shown to reduce the need for benzodiazepines in the setting of anticholinergic toxidromes [15, [18] [19] [20] [21] . With our patient, we chose not to give a trial dose of physostigmine due in part to length of time of getting it from the pharmacy, relative unfamiliarity with the side effect profile, and for concern of the disparity of the relative half-lives of diphenhydramine and physostigmine.
Dexmedetomidine is a selective α 2 -adrenergic agonist first approved by the Food and Drug Administration in 1999 for sedation of adult patients in the intensive care unit (ICU) setting [22] . Since then, multiple studies have shown that its sedative, anxiolytic, and analgesic properties are safe for a broad range of uses, including sedation in the operating room and ICU settings, procedural sedation, and opioid and alcohol withdrawal [23, 24] . Dexmedetomidine is chemically similar to clonidine but has a much higher affinity for α 2 receptors versus α 1 (approximately 1,620:1) with a much shorter halflife than clonidine (2-3 versus 12-24 h) [25, 26] . Its primary action is stimulation of the receptors in the medulla, which decreases sympathetic outflow in the locus coeruleus, leading to increased action of the inhibitory GABA neurons, with resultant sedation, analgesia, and REM sleep [26] . Dexmedetomidine is generally given as a continuous intravenous infusion, with or without a preceding bolus dose, but can be given intranasally or orally as well [23, 26] . The most commonly encountered adverse effects of dexmedetomidine infusion are hypotension and bradycardia [22] [23] [24] 26] . It has been shown to have very little effect on the respiratory drive and airway patency, even in the setting of accidental overdoses [23] . If used for greater than 24 h, tolerance and tachyphylaxis may occur, and in rare cases, withdrawal symptoms have been reported but do not appear to be a significant issue in pediatric patients [22, 23] . The onset of action for an IV bolus is 5-10 min with a peak effect seen in 15-30 min and a duration of 60-120 min. It is approximately 94 % protein bound, metabolized in the liver, and 95 % of the metabolites are excreted in the urine [22] [23] [24] [25] [26] .
In our review of the literature, we found no reports of the use of dexmedetomidine to treat anticholinergic toxidrome. There is a growing body of case reports and retrospective single-center analyses for use of dexmedetomidine as an adjunctive therapy in alcohol withdrawal syndrome (AWS) [4, 8] . AWS is an abstinence syndrome with similarities to anticholinergic toxidrome. AWS includes autonomic hyperactivity with symptoms of anxiety, agitation, elevated blood pressure, tachycardia, and tremor, as well as hallucinations and seizures which are caused by disrupted GABA signaling and subsequent increase in glutamate, leading to central nervous system hyperexcitation [6, 8] .
As with anticholinergic toxidrome, the suggested standard treatment for AWS is supportive therapy and benzodiazepines for agitation, anxiety, psychosis, and seizures. However, those with significant alcohol tolerance often have cross-tolerance to the GABA-mediated actions of benzodiazepines. The tolerance to benzodiazepines can lead to the administration of Fig. 1 Vital signs over time.
Dexmedetomidine infusion started at 0600 HD1, held at 0700 HD2, restarted at 1030 HD2, and finally held at 1500 HD2 large doses, which increases the risk of respiratory insufficiency, aspiration, and the need for intubation. Benzodiazepine tolerance also increases complication rates, length of hospital stay, and potential cost of hospitalization [6] . Alpha-2 agonists, such as dexmedetomidine, may have an adjunctive role in management of the symptoms of AWS by their amelioration of the sympathetic overdrive which is part of AWS [5] . Dexmedetomidine's sedative, analgesic, anxiolytic, and sympatholytic effects, along with its favorable side effect profile, make it potentially very useful in the treatment of AWS [7] . Most importantly, dexmedetomidine's effects are mediated by agonism of central, presynaptic α 2 -autoreceptors with no effect on GABA or opioid receptors, which allows for sedation with very little effect on the respiratory drive [3, 4, 23, 24, 26] . Additionally, it does not significantly depress a patient's neurologic status and allows for cooperative sedation. The growing body of literature supporting use of dexmedetomidine in AWS suggests that there are significant reductions in the need for high doses of benzodiazepines, alcohol withdrawal score, restraint use, tachycardia, and systolic hypertension [4] [5] [6] 8] . Additionally, studies have shown a decrease in the rate of intubation due to high-dose benzodiazepine administration [5, 6, 8] . The major limitation of this case report is it represents the experience with a single patient and her response and cannot, without more trials, be generalized to all patients with anticholinergic toxidrome. However, as described above, dexmedetomidine has a growing support in the treatment of AWS, which is similar to anticholinergic intoxication. As with AWS, we suggest that considering dexmedetomidine as an adjunctive agent in the therapy of anticholinergic toxidrome may relieve the symptoms of agitation, psychosis, tachycardia, and hypertension, without the attendant risk of respiratory depression associated with high doses of benzodiazepines. Further research is required to assess the safety and generalized efficacy of dexmedetomidine in drug-induced delirium (particularly in children).
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